Printed in the United States of America
v Tables   Table 1 
Objective and Background
The purpose of this report is to summarize findings from a literature review into the incremental costs associated with low-energy buildings. The goal of this work is to help establish as firm an analytical foundation as possible for the Building Technologies Program's (BT's) cost-effective net-zero energy goal in the year 2025. The balance of this report is divided into three sections: Summary Findings and Recommendations from the latest round of reviews; Specific Comments about the reviewed literature; and 8 appendices, which include summaries of the reports and articles reviewed, as well as a spreadsheet for characterizing this continuing inventory and capturing the URLs for the reports reviewed.
This literature review was conducted between July 2007 and January 2008, and intended to focus on identifying the incremental cost associated with the design and construction of low-energy buildings. For purposes of this analysis, a "low-energy building" is a building that achieves 30% to 50% energy savings when compared to a building built to ASHRAE Standard 90. 1-2004. 1 Because of the elusive nature of cost data, the literature review was expanded to also include a variety of information sources addressing the feasibility of attaining low-energy performance, market perceptions on the cost of going green/low-energy, and other trends of interest to this activity.
Summary Findings and Recommendations
A summary of the findings from these document reviews is presented below. Appendix A contains tabular summaries of the documents reviewed, with published papers, technical reports, and articles, briefly summarized for key findings. More detailed individual document summaries are provided in Appendices B through H.
Key findings:
1. Objectively-developed and verifiable data on the cost premium for low-energy (highefficiency) buildings are very limited. Most of the literature focused on green or sustainable buildings, not low-energy buildings.
2. In cases where energy efficiency cost data were available, the cost premiums ranged from 1% to 7%. In most cases, the cost premium was less than 4%. A notable exception is small warehouses in cooler regions (climate zones 5 through 7), which carried estimated cost premiums of between 5.9% and 7%.
3. Technology solutions are available right now to achieve savings on the order of 30% and more over ASHRAE Standard 90.1-2004; however, cost-effectiveness of these technology solutions is often not addressed.
4. Independent surveys administered to assess the perceptions of building owners and designers regarding the costs to build and operate green/energy-efficient buildings, and the willingness of owners/developers to invest in green/energy-efficient buildings, reveal some interesting common threads.
a. The perception that energy-efficient /green buildings cost significantly more to design (starting at a 5% premium) and represent a key barrier with decision makers b. There seems to be a potential willingness (as implied or measured through survey responses) to build more energy-efficient buildings for cost premiums below 5%.
Recommendations:
1. Continue with the planned activity to obtain cost data via the Request for Information (RFI) issued in Federal Business Opportunities (FedBizOpps.gov), and a subsequent workshop to address findings, identify data needs, and determine how to present and promote results to the national building owner and developer market. 
Specific Comments
The results from this round of reviews are separated into three groups: Group 1 for papers/articles that address the costs of achieving low-energy performance in commercial buildings; Group 2 for those with energy but not cost data on low-energy performance; and, Group 3 for those addressing market perceptions on the costs and performances of low-energy/green buildings.
Group 1 Costs of achieving low-energy performance
The documents summarized in this section provide data on the estimated cost increases attributed to incorporating energy-efficiency technologies.
- Warehouse. The estimated percentage cost increase varied by region. Cost increases for warehouses in the regions with hot/warm weather (climate zones 1 through 4) were in the range of 3.5% to 4%, with simple payback periods ranging from 6.0 to 8.3 years. Warehouses in the cooler regions (climate zones 5 through 7) realized estimated cost increases from 5.9% to 7.0%, with simple payback periods ranging from 9.6 to 13.5 years. Interestingly, climate zone 8 (inclusive of Fairbanks, Nome, and the North Slope) showed only a 2.6% cost increase and a resulting simple payback period of 6.9 years. An abbreviated summary of each of the TSDs is included in Appendix A, Cost Premium Literature Review, Group 2 Commercial buildings that have or can achieve low-energy
The documents discussed in this section provide information on energy performance, either simulated or measured, of buildings that aggressively address energy efficiency in their design. While cost data for improved energy efficiency were not provided, these documents address the ability to achieve low-energy (high-efficiency) performance using current building technologies.
-TSDs were also developed for K-12 schools (elementary, middle, and high schools); small office buildings (a 5,000 sf frame building and a 20,000 sf two-story mass building); and small retail buildings (a 7,500 sf three-store strip mall and a 15,000 sf standalone retail building 
Group 3 Market perceptions
The documents summarized in this section address a variety of perceptions and issues of interest with regard to low-energy/green buildings costs and/or performance.
-The New Buildings Institute (NBI) recently issued the report Energy Performance of LEED for New Construction Buildings. This report provided some interesting insights into the energy performance of 121 LEED New Construction buildings across the country. One conclusion was that LEED buildings are on average or "typically" between 25 and 30% more efficient than non-LEED buildings. Further, higher LEED ratings resulted, on average, in greater energy savings. A key study finding was that the energy outcome for individual projects is highly variable. An abbreviated summary of this report is included in Appendix A, Cost Premium Literature Review, Table A .1 -Literature Review Summaries.
-The Building Design+Construction "Green Buildings Research White Paper" (2007) annually reports on the results of 12 different surveys of building owners, facility directors, end users, and designers. Note that each survey targeted a different group or building sector. The objective of this annual assessment is to identify positions, perceptions, and trends with regard to green building design and construction. Two key trends seemed to emerge across the various surveyed groups in the 2500 responses:
o The majority of survey respondents felt that sustainable design features would add significantly to the initial construction costs, and that this is the primary barrier to green construction.
o In many of the surveyed groups, about one-third to one-half of the respondents indicated a willingness to pay a cost premium of between 3 and 5%.
A summary of the white paper is available in Appendix E, Summary Paper of the Building Design+Construction Report Green Buildings Research White Paper (October 2007).
-The Green Building SmartMarket Report from McGraw-Hill Construction on the education the construction sector provides a brief summary of construction trends in the educational sector. Two surveys, one of school officials owning and operating LEED buildings, and a second survey of officials at non-LEED certified educational facilities, looked to identify the drivers for officials deciding whether or not to build green. It was found that lower operating costs are believed to offer the best justification to build green, while added first costs (design and construction) represent the most common barrier. A summary of this report is available in Appendix F, Summary Paper of the SmartMarket Report on Green Buildings in Education (2007). (2007) The report does not include a copy of the actual survey used and seems to be more focused on retrofits and repairs than on new construction. Of interest is the "finding" that the average tolerance for return on investment (ROI) in energy-efficiency projects is 4.3 years; however, another interpretation of the results might be that nearly half of the respondents have a ROI tolerance of less than 3 years. A summary of this report is available in Appendix H, Summary Paper of the Johnson Controls Energy Efficiency Indicator Research Report (2007) APPENDIX A
-The Davis Langdon report Cost of Green Revisited: Reexamining the Feasibility and Cost Impact of Sustainable Design in Light of Increased Market Adoption

Cost Premium Literature Review Summary APPENDIX A. Cost Premium Literature Review Summary
This appendix contains tabular summaries of the documents reviewed to date in support of the efforts to identify the incremental cost to design and build low-energy buildings.
Published papers, technical reports, and articles are briefly summarized for key findings. When available, a URL is also included. Not publicly available NREL studied six buildings "to understand the issues related to design, construction, operation, and evaluation of the current generation of low-energy commercial buildings." In aggregate, the lessons learned were used to develop a set of best practices.
Incremental costs were addressed for only one building, NREL's Thermal Test Facility.
See sheet "Sereies Documents" for additional information.
The Advanced Energy Design Guide series was commissioned by DOE to provide recommendations and assistance to designers, developers, and owners of small commercial buildings to realize 30% energy savings over ASHRAE 90.1-1999. Guides for four building types were developed: small warehouse and storage buildings; K-12 schools; small office buildings, and small retail buildings.
These guides demonstrate that savings on the order of 30% and more are, in most cases, currently attainable across the eight climate zones. However, the question of additional cost and cost effectiveness was addressed only in the warehouse guide with added cost premiums of 2.6% to 7%, with the higher cost premiums in the located in the northern climate zone.
See sheet "Series Douments" for individual summaries.
13 Ranged from 8% (3 points) to 18% (5 points) over GSA standard design Study conducted for GSA to 'estimate the costs to develop "green" federal buildings unsing …' LEED 2.1.
Examined 2 building types: 1) new 5-story courthouse and 2) mid-rise federal office building modernization. BT assessment reviewed only the new building case.
Building evaluated: 262 ksf with base construction cost of $219.14/sf.
Potential measures limied to those considered above the GSA design standards.
Individual LEED credit assessments and cost estimates were completed for six scenarios, "low cost" and "high cost" scenarios (to create a cost range" for certified, silver, and gold rating levels.
Building designed to 90. 1-1999(v) Additional costs considered for measures exceeding GSA standards. In this case, the GSA assigned target of 45 kBtu/sf translated into 17% improvement over 90.1-1999, The resulting cost impact determined in this study was then based on an improvement of 8% to achieve 3 EA-1 points, and 18% more for 5 points.
Provides summary of energy measures and costs.
Overall cost of greening varied from -0.03% to 8.1% of the total construction cost.
http://www.wbdg.org/ccb/ GSAMAN/gsaleed.pdf 14 o Academic and headquarters buildings (Admin) with gross areas of 14,800 sf and 5,900 sf, with an estimated construction cost for the admin facility of $6,092,810.
o A mission support (Mission) facility including warehouse, machine shop, and office spaces, totaling 37,641 sf with an estimated construction cost of $5,456,000.
-Methodology: Analysis procedure as described in the Executive Summary sections of the NAVFAC reports:
Reference annual energy use, energy costs, and construction costs were estimated to reflect the "As-Built" condition derived from conversations with NAVFAC personnel and the aforementioned documents provided by NAVFAC. An analysis was performed to identify individual energy efficiency measures (EEMs) and their associated costs that would likely be implemented to meet the EPAct requirement (30% less energy consumption, based on cost, than ASHRAE Standard 90.1-2004).
From those individual EEM [energy efficiency measures] assessments and a ranking based on simple payback, a combination of energy saving features was identified that provided the best value to the Navy, returning the targeted energy savings while being life-cycle cost effective. Overall project cost (construction costs and soft costs) were then developed for the "combined recommended measures."
-Results -This report developed for General Services Administration (GSA) estimates 'the costs to develop "green" federal facilities' using LEED version 2.1. The study states "The cost impacts may not be directly transferable to other project types or building owners."
Building
-The data presented in this study include renovation of a federal office building and a new five story federal Courthouse with a total square footage of 262,000 square feet, with a base construction cost of $219.14 per square foot (sf).
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-Methodology: The report examines potential measures and the estimated cost for each of the LEED prerequisites and credits additional to the initial building base design. This approach allows for the identification of costs, both soft and hard, for the energy specific measures.
o Potential measures were limited to those that were considered above the GSA standards. For example, EA Prerequisite 1 requires implementation of "fundamental best practice building commissioning procedures;" because GSA already requires total building commissioning, there were not LEED-related costs associated with this measure. o Individual LEED credit assessments and cost estimates were completed for six scenarios, "low cost" and "high cost" scenarios (to create a cost range) for certified, silver, and gold rating levels. o Approximate overall cost impacts for specific scenarios:
EA-1 + commissioning + PV + design ~ 2.3% EA-3 + commissioning + PV + design ~ 3.3% -Key findings:
o In this particular case, the cost premium of a high performance building is listed in the range of 2.2% to 3.3% for the energy efficiency improvements beyond the new building base case, which was calculated to be 16.9% less than ASHRAE Standard 90.1-1999.
o The construction cost of greening a building can be very misleading when speaking of high performance buildings. Here, the cost of a greening (silver minimum to gold) ranges from -0.03% of total costs, implying it saves on first costs to build green, to 8.1% of the total construction cost.
-Limitation: o GSA design requirements impacted overall designs and the subsequent cost differentials. Previously mentioned was the LEED commissioning requirement (which GSA actually exceeds). Another example is the use of energy targets. The energy target for this building was 45,000 to 50,000 Btu/sf/year (very low), which translated into a 17% improvement over ASHRAE Standard 90.1-1999. The resulting cost impact was then based on improving performance by 8% more for 3 points under EA-1, and 18% more for 5 points.
-Other interesting items in this report:
o "Significantly different building types would likely develop a different overall profile of LEED credits, and might use significantly different approaches to achieve common credits."
o "There is no correlation between the point value of a LEED credit and its cost."
o (At the time of the study, GSA had allocated a 2.5% budget increase for green building construction costs.) "With the revised budget allotments (which will likely vary between 2.5% and 4.0%, depending on the project), the study indicates that many Silver rated buildings should be possible, as well as occasional Gold rated projects." o Architects, engineers, contractors, and owners: '"First cost" was a serious roadblock for respondents. Nearly four in five (78%) said their clients thought sustainability added "significantly" to first costs. By an even greater margin (86%), respondents themselves said they thought green buildings more costly to build than conventional buildings.'
APPENDIX E
o Real estate professionals: 35% said "their company would be willing to spend between 3 and 5% more for a green corporate building, and one in five said their company would spend between 6 and 10% more. Just 6% said they would not take on any extra costs for green."
o Healthcare facilities: "The general perception that green adds significantly to the cost of construction is seen as the biggest barrier to green hospitals, with nearly two-thirds of respondents (65%) citing cost as an obstacle to green." o Higher education: "85% of respondents said their institutions have incorporated sustainable design and green buildings' principles in recent building projects."
47% "said their institutions would be willing to pay up to 5% more for green, and about one-fifth said they would fork out an additional 6-10%. Just 9% … said a cost premium for green is not acceptable."
o K-12: 34% would pay between 3 and 5% more for green/sustainable schools, but 67% said the biggest barrier in their district is that it "adds significantly to initial costs of construction."
o Hotels:
"58% cited significant initial construction costs as the biggest obstacle they face with regard to green building and sustainable design."
"Energy use is a major concern for hotels, with energy management cited by 75% of respondents as the sustainable/green concept they have already incorporated, and 53% citing it as the concept they soon plan to incorporate."
o Restaurants:
52% would pay between 3 and 10% extra in construction costs, while 18% would not spend additional money to go green.
60% said the perception of significant added costs is a barrier to greening restaurants.
o Residential:
38% said green features increase the price of a house by between 6 and 10%.
30% said buyers are unwilling to pay more for green features, while 29% were willing to pay more. o Across almost each sector, first cost was identified as a barrier to green construction.
o Most frequently adopted energy-efficiency measures appear to be daylighting, energy management systems, and automated lighting controls, with commissioning and modeling also being applied.
-Limitations:
o Survey responses were somewhat limited for some of the surveyed sectors.
o Likely self-selection bias, given that the survey was not administered in a random fashion, but instead completed by interested subscribers.
o Surveys applied to green/sustainable building costs and practices. Energy cost premiums were not addressed. -Methodology: In phase 1, 31 owners and facility managers of LEED-certified educational buildings were interviewed. These owners/managers were selected from a list of 120 projects identified by the U.S. Green Building Council and Turner Construction. Of the selected schools, 16 were universities and 15 were K-12, of which 2 were private schools. In phase 2, the phase 1 interview guide was adapted for online data collection from members of the Council of Educational Facility Planners International (CEFPI). Members of the CEFPI, who number 3,300, are involved in school planning, design and construction. A total of 88 surveys were completed by CEFPI members.
APPENDIX F Summary Paper of the McGraw Hill Construction
-Key findings:
o Lower operating costs (primarily energy and utility cost savings) are the key drivers in justifying green buildings.
o Perceived added first cost is cited as the greatest obstacle to building green educational facilities.
o The educational building sector is currently the largest commercial construction market.
o Numerous state and local governments are mandating green construction of schools, including Montgomery County (MD). Still, the most influential decision makers are considered to be the school facilities staff and the executive management entities (e.g., school boards and deans).
-Energy conservation:
o In phase 1, average expected reduction in operating costs of 11% versus actual utility cost savings of between 20% and 40% for new green schools.
o In phase 1, average expected energy reduction of 14% compared to actual energy reductions of up to 40% and water reductions up to 30%.
o Energy conservation and operational cost savings ranked as the most important outcomes of green buildings.
o Lower energy use ranked as the top environmental reason for building green schools.
-Identified barriers:
o First cost is the most common barrier. o Greater student health and performance are the top social reasons.
-Construction trends in the education sector:
o The educational construction market is the largest commercial construction market sector, accounting for approximately 27% of all commercial construction.
o Enrollments in both the K-12 and colleges/universities are increasing as a result of the "Echo Boom Generation."
o In 2007, the most rapid growth took place in the Pacific Northwest and MidAtlantic regions.
o Green educational buildings account for approximately 20% of LEED-certified buildings.
-Requirements for green construction:
o Several states have sustainable/green school programs in place.
o Several school districts have committed to building green school facilities including Los Angeles, San Francisco, New York City, and Montgomery County, MD.
o Assessment looked at sustainable buildings, not energy-efficient buildings.
o Information on the added costs was not addressed except from the perspective of the perceptions of survey participants. -It isn't clear who commissioned this assessment by Davis Langdon. 10 In general, the paper presents data in an unbiased manner that acknowledges the limited building sample sizes.
APPENDIX G. Summary Paper of the Davis Langdon (Morris and
-Key findings as presented in the paper:
o Many projects are achieving LEED within their budgets, and in the same cost range as non-LEED projects.
o Construction costs have risen dramatically, but projects are still achieving LEED.
o The idea that green is an added feature continues to be a problem. While there appears to be a general perception that sustainable design features add to the overall cost of the building, the data did not show "significant difference in the average costs of LEED-seeking and non-LEED seeking buildings."
-Methodology: Construction costs of buildings seeking LEED NC 2.1 and 2.2 certification (83 total) were compared to new buildings not seeking LEED certification (138 total). Costs were normalized for time and location. Building costs were compared by building use category. Categories and sample sizes are listed below.
o Academic classroom buildings -17 LEED seeking and 43 non-LEED seeking o Laboratory buildings -26 LEED seeking and 44 non-LEED seeking o Libraries -25 LEED seeking and 32 non-LEED-seeking o Community centers -9 LEED seeking and 9 non-LEED seeking o Ambulatory care facilities -9 LEED seeking and 8 non-LEED seeking.
-Limitations: o Report looks at costs for sustainability, not high energy performance o Building categories represent a small percentage of overall building space per o As noted in the paper, there are typically wide variations in costs per square foot between buildings on a regular basis, even when sustainability is not taken into account. Further, this normal variability "contributed to the lack of statistically significant building differences between the LEED-seeking and non-LEED seeking buildings."
o It is not clear if both soft 11 and hard costs were considered in the analysis.
- -The survey intends to address actions in response to rising energy costs, expected paybacks on efficiency investments, and motivations for investments. The original survey questions were not included in the report. However, it appears that the survey focused more on investments in existing buildings.
-Interesting findings/responses: o General energy management findings: 15% said that energy management is extremely important to their company.
More than 60% believe their company is paying more attention to energy efficiency than 5 years ago.
Cost savings are a considerably stronger motivation for achieving energy efficiency than is environmental responsibility.
o Most companies have a tolerance of between 2 and 5 years for a return on their energy efficiency investments. 13 [Note the percentages add up to 90%] o 77% with current or planned retrofit or new construction projects believe that energy efficiency is, or will be, a priority in the construction design.
-Limitation: While the survey captures a large number of respondents, the apparent focus was on capital investments/retrofits.
-Key finding: While the tolerance for on return-on-investments varies across a wide range, 42% of the respondents have a tolerance of 3 years or less.
